Background: The management of infants (infs.) with esophageal atresia and tracheoesophageal fistula (EA ± TEF) is demanding and complex. The aim of this study was to evaluate early morbidity, the timing of surgery, and the results of surgery. Patients and Method: We collected data of 30 consecutive infs. treated for EA ± TEF between 2006 and 2014. Results: The median gestational age was 38 weeks (12 preterm), and the median Birth Weight (BW) was 2660 g (4 infs. had a BW < 1500 g). The median Apgar score at 10 minutes was 10 (range 7 -10). The median umbilical artery pH (UapH) was 7.30. According to the Spitz classification, 19 infs. were group 1, 9 infs. were group 2, and 2 infs. were group 3. Surgical repair was performed in 29 cases (25 EA; 4 isolated TEF). Once the infs. arrived at the pediatric surgery department, surgery was postponed overnight in 11 cases. The duration of postoperative (p.o.) mechanical ventilation was significantly shorter for operations performed on day 2 after delivery. Twenty-four infs. (83%) underwent surgery within 2 days after delivery, and 5 infs. had later surgery. Chest drains (p.o.) for pneumothorax were inserted in 6 infs. (21%), and gastrostomy was performed in 6 cases (21%). No re-thoracotomy was required. The median length of hospital stay was 17.5 days (6 to 120). The incidence of p.o. mortality was 1 in 29 (3%). Discussion: The majority of the infs. presented growth retardation (indicated by low birth weight) and a stable immediate postnatal course. The data from this study support the concept of early but not emergent surgery for the majority of infs. with EA ± TEF. However, a remarkable rate of perioperative morbidity must be taken into account. Conclusion: Surgery for EA ± TEF can be performed safely during the first postnatal days with exception of very unstable preterm infants.
Introduction
The overall prevalence of Esophageal Atresia (EA) and Tracheoesophageal Fistula (TEF) in Europe was 2.43 cases per 10,000 births [1] . Early recognition and timely surgical repair are the main steps for successful management. The main goals of treatment are to reduce morbidity and to achieve the best possible quality of life for the children and their parents [2] . Surgery involves the dissection of the TEF and anastomosis of the esophagus. Complications and adverse events (immediate, intermediate, and long term) may occur at any time [3] . This is a report that focuses on the perinatal course, perioperative management, and short-term outcome of infants (infs.) with EA and/or TEF. Furthermore, the influence of the timing of surgery on postoperative ventilation was analyzed. The data from this study were interpreted against the background of an international survey on the management of esophageal atresia [4] , 3 recently published multi-institutional studies, and data from the European Database of Congenital Anomalies [1] [5]- [7] .
Materials and Methods
In this study, we evaluated all infs. with EA or TEF treated between January 2006 and June 2014 in our department. A total of 30 newborns with EA ± TEF were identified. All of the infants were born in a perinatal center that did not have a pediatric surgical unit and were transferred to our hospital by local specialized neonatal transporting teams.
We evaluated the clinical records and surgical reports to extract data about the patients' perinatal course, surgery, malformations and in-hospital morbidity.
Statistics
For the statistical analysis, we applied linear regression analysis (y = Ax + B) and Pearson's correlation coefficient (r). The non-parametric Mann-Whitney U test was used to compare samples from two unrelated groups. The significance level was tested for (n − 2) degrees of freedom [8] .
Ethics Statement
This study was approved by the ethics committee of the Ruhr University of Bochum. (Table 1) Fifteen (50%) neonates were delivered by Caesarean Section (CS), 14 were born spon-taneously and 1 had an unknown mode of delivery. The infs. had a median gestational age of 38 (36 ± 4) weeks (range 29 -41) and a median BW of 2660 (2418 ± 405) g (range 980 -3600). Thirteen newborns (43%) had a BW below 2500 g, and 4 infs. (13%) had a BW below 1500 g (3 VLBW, 1 ELBW). In addition, 12 infs. (40%) were delivered preterm, and 18 were delivered at term (60%). The median umbilical artery pH (UApH) was 7.30 (7.29 ± 0.01; range 7.13 -7.38), and the median Apgar scores were 7 (range 5 -9) after 1 minute, 9 (range 7 -10) after 5 minutes, and 10 (range 7 -10; 2 × Apgar 7; 4 × Apgar 8; 1 successful reanimation) after 10 minutes. In 4 infs., UApH was below 7.20 (range 7.13 -7.19).
Results

Perinatal Course
A prenatal ultrasound diagnosis of EA (polyhydramnios ± absence of the stomach) had been established in 9 cases (5%) of 20 infs. with a documented prenatal course.
Accompanying Malformations
In 3 patients (10%), chromosomal anomalies were detected (1 had Down syndrome; 2 had Edwards syndrome). In 12 infs. (40%), no accompanying malformations were detected; however, the majority (n = 18, 60%) of the infs. had severe or remarkable malformations: 6 had MCMs (2 had tetralogy of Fallot, 1 had coarctation of the aorta, and 3 had combined atrioventricular septum defects), 7 had skeletal malformations, 3 had central nervous system malformations, 4 had gastrointestinal malformations (2 had an annular pancreas, 1 had a dystopic pancreas at the stomach, and 1 had a cloacal malformation), 2 had tracheobronchial malformations (1 had tracheal stenosis and an irregular branching pattern of the right bronchus, and 1 had a tracheal origin of the right upper lobe bronchus), and 1 had diaphragmatic relaxation on the right side. A rightdescending aorta was found in 2 infs. No patient required surgical PDA closure. (Table 1) The median age at referral to the pediatric surgery unit was 1 day (3 ± 0.7; range 0 -54), and 24 (83%) of our patients underwent primary repair within 2 days after delivery.
Timing of Operation, Length of Stay
The median age at surgery was 1 day (4 ± 0.7; range 0 -55). The majority of the patients underwent surgery on the day of admission to the pediatric surgery unit (n = 17). However, in 11 cases, surgery was performed on the second day of the pediatric surgery unit stay, and in 2 cases, surgery occurred on the third day (both of these infs. had isolated TEF). In one patient, deterioration related to gastric overextension occurred on the first day of life, and surgery was performed immediately.
Thus, the median preoperative stay in the pediatric surgery unit was 0 days (0.6 ± 2; range 0 -3). For the infant with TEF and trisomy 18, surgery was performed at day 55.
The infs. remained in the pediatric surgery NICU (newborn intensive care unit) for 17.5 days (27 ± 9.2; range 6 -120).
Type of EA and Surgery
Twenty-two infs. had EA with distal TEF (Gross type C), 4 infs. had isolated TEF (Gross type E), 2 infs. had EA with proximal and distal fistula (Gross type D), and 2
infs. had isolated EA (Gross type A). In 9 (31%) patients, intrapleural chest drains were inserted during surgery. One infant developed a tension pneumothorax preoperatively, which required drainage.
Postoperative pneumothorax occurred in 7 infs. and was drained between the first and the 15 th postoperative day in 6 infs. (20%) (Figure 2 ).
In addition, we performed 6 gastrostomies (20%; 3 during the primary operation, and 3 later to address severe tracheomalacia and impaired swallowing [n = 1] and the insertion of a Rehbein thread for bougienage, n = 2).
Postoperative Course, Duration of Ventilation (DOV)
The esophageal anastomosis healed without complications in 24 of 25 infs. with EA.
Only the infant who had a primary TEF closure experienced anastomotic leakage after the second-stage anastomosis with tension. This incident was managed conservatively using pleural drainage and antibiotic therapy. Aside from the two infs. who underwent staged repairs, no rethoracotomies were required. Duodenal stenosis caused by annular pancreas was symptomatic after primary repair in 2 cases and was corrected using duodenoduodenostomy. The duration of postoperative ventilation in patients with EA was compared among infs. who underwent surgery on day 0, 1 or 2, excluding the patients with isolated TEF (Figure 3) . Regarding ventilation time, there were statistically significant differences between patients who had surgery on the day of birth or the first or day of life and infs.
operated on at the second day of life.
Mortality (Table 2)
The postoperative in-hospital mortality rate was 1 out of 29 (3%). This mortality rate excludes the infant with trisomy 18 who received only palliative treatment; one infant with EA type C expired at the age of 5 weeks (3 weeks after repair of the diaphragmatic relaxation) as a result of severe pulmonary hypertension and bleeding. An autopsy revealed an intact esophageal anastomosis without recurrent TEF.
Limitations
This study was limited by the small sample of patients treated at a single institution.
One strength of this investigation is that the first author had an involved and responsible role in the surgery and treatment of all reported cases. Furthermore, complete data sets were available for the vast majority of the investigated parameters. Sample sizes other than the whole group of patients are provided in brackets.
Discussion
The BW of infs. with EA ± TEF is an important prognostic factor [6] [7] . According to Spitz's risk classification, a BW < 1500 g has a major prognostic impact for survival.
Thirteen percent of our patients were VLBW or ELBW infs. In our series, the survival rate for this subgroup of infs. was 100%. However, in larger cohorts, the mortality of patients with BW < 1500 g is approximately one-fifth or perhaps higher [6] [11] [12] .
Half of our patients were delivered via CS, and 40% of our patients were delivered be- 
Perinatal Course
In nearly half of the 20 patients with a documented prenatal course was identified on prenatal ultrasound. The prenatal detection rates for polyhydramnios ± absent stomach in Europe vary between <10% and >50% [1] , and in a recent Japanese study, 30% of infs. were identified prenatally [6] . In the presented series, 5 fetuses with prenatally detected polyhydramnios were delivered spontaneously, and 4 were delivered via CS.
Thus, the prenatal detection of polyhydramnios did not automatically necessitate a Cesarean delivery, as reported previously [13] .
Data on the postnatal adaptions of newborns with EA±TEF are rare. We observed a range of function from increasing Apgar scores within the first ten minutes of life to normal vitality in the vast majority of children. The median Apgar scores after 5 and 10 minutes were 9 and 10, respectively. Only one infant required resuscitation after a Caesarian section delivery for fetal distress (UApH 7.14, Gross type D, subglottic stenosis, trisomy 21).
The median BW of 2660 g at a median GA of 38 weeks indicates intrauterine growth retardation among our study sample. The association of small for gestational age with major birth defects has been studied recently in a large population-based sample [14] .
Approximately one-third of neonates with EA ± TEF had BWs below the 5 th centile [2] .
The presented series encompasses the major types of EA. It must be noted that patients with isolated EA are underrepresented in our study [4] .
Accompanying Malformations
Consistent with the literature, 60% of our patients had accompanying malformations
. The presence of major congenital malformations of the heart has important prognostic value; between 23% and 30% of EA cases have such malformations. In our series, all of the infs. were evaluated preoperatively with echocardiography, and 17% had a MCM defined as the presence of a hemodynamically relevant abnormality of the heart. No patient in this group required urgent cardiac surgery during the primary hospital stay. However, the infant with a mild form of coarctation of the aorta died as a result of pulmonary hypertension.
Coincident gastrointestinal malformations are of special importance in infs. with EA ± TEF.
In both of our cases with congenital duodenal obstruction diagnosis was established during the postoperative period and repair was performed in a second operation without further problems.
Timing of Operation and Length of Stay (LOS)
Infs. with EA ± TEF carry a high risk of developing respiratory problems [17] [18].
Overflow of saliva, reflux, upper airway instability, and gastric overextension contribute to progressive deterioration. Urgent surgery is recommended [12] [19] . In the European survey, 83.4% of cases of EA ± TEF were detected at birth, and 15.4% were detected in the first week of life [1] . Knottenbelt et al. [20] recommend surgery on the first or second day.
Four-fifths (83%) of our patients underwent a primary repair within 2 days after delivery. Three patients with TEF and one patient with type C atresia did not have surgery until day 9. The only exception was an infant who had trisomy 13, isolated TEF, and a cardiac septal defect, for whom surgery was postponed until day 55. In a comparable study, 68% of infs. had surgery on day 2 [21] . In a Canadian report, 78% of infs. had undergone surgery by 4 days of age [22] .
During surgery, we always insert a transanastomotic feeding tube for postoperative gastric decompression and early enteral feeding. Gastrostomies were only performed when required. Research has shown that gastrostomy insertion does not protect the anastomosis, and furthermore, it increases the rate of gastroesophageal reflux [16] . In a single-institution series, the gastrostomy rate was reduced from 90% in the 1980s and 1990s to 28% in the last 10 years of the observation period [11] . The European survey revealed that only 2% of responders routinely create a gastrostomy at the time of EA ± TEF repair [4] .
The LOS on the NICU was variable, with a median value of 17.5 days (27 ± 9.2). This length of stay is longer than the median ICU stay of 12 days and the total average length of initial hospitalization of 28 days (8 to 170) reported in a recent study [22] . The North American study reported a median total postoperative length of stay of 23 days [7] . A median length of ICU stay of 13 days (3 to 197) was reported in a single-institution series [21] .
Postoperative Course
There is no consensus regarding postoperative extubation or continued mechanical ventilation. The extubation of otherwise healthy neonates under epidural anesthesia has been recommended [20] . In a state-of-the-art research study, postoperative elective paralysis and mechanical ventilation for 5 days was recommended for cases with esophageal anastomosis under tension [12] . In the latest European survey, postoperative elective paralysis was the preferred approach of 56% of responders (range 1 to 7 days) to support healing of the anastomosis and to address concerns about respiratory problems [4] . In contrast, the multi-institutional analysis of Sulkowski et al. [7] reported the use of mechanical ventilation in 93% of infs.
In the present series, all of the patients were ventilated postoperatively (100%). As expected, the duration of mechanical ventilation for infs. with isolated TEF was shorter than the ventilation time for infs. with EA + TEF. A regression analysis revealed a nonsignificant inverse correlation between BW and GA and the duration of ventilation.
However, this analysis revealed a statistically reduced postoperative ventilation time for patients who had surgery on the second day after birth. Despite the fact that the majority of patients had surgery on the day of admission, surgery was postponed for 1 day for 11 patients with EA + TEF without negative consequences. Time for adaptation after delivery and transportation may contribute to a good postoperative course. Only unstable and/or very immature infs. with respiratory distress require immediate surgery [12] [16].
Generally, 69% of the responders to the European survey left a chest drain in situ during the primary repair [4] . In our series, we inserted intrapleural drains in 16 infs.
(55%), mainly to treat pneumothorax in the pre-, intra-and postoperative periods. Only one of these infs. suffered from a chylopneumothorax . Our rate of pneumothorax is lower than the significant rate of pleural effusions reported in other study [11] .
Mortality, Case Load, and Risk Stratification
The mortality rates after the initial procedure for EA ± TEF were 5.4% in a large multicenter study [7] and 8.6% after one year in another study [5] . A recently published large study showed that hospital volume has no effect on mortality [7] . In that study, approximately one-fourth of freestanding children's hospitals treated fewer than 5 cases per year [7] . In another recently published study from the United Kingdom and Ireland, 151 newborns with EA ± TEF from 28 pediatric surgery units were analyzed over a time span of 1 year (average 5.4/year/institution) [5] . Thirty-one percent of the respondents to the recent European survey reported seeing 2 to 5 cases per year, and 3%
reported seeing fewer than 2 cases per year [4] . Thus, with a median frequency of 3.5 cases per year, our unit lies within the limit of other medium-sized tertiary centers.
Our findings demonstrated that infs. with EA±TEF have a high rate of acute comorbidities in their first weeks of life, and considerable potential for chronic morbidity must be taken into account [6] [11] [22] . The Spitz risk classification system might predict the outcome of infs. with EA with major cardiac malformations and BW < 1500 g.
As reported, the survival of group 1 was 97% -98%; for group 3, the survival was 50% [16] . Regarding our patients, 63% were considered to be in group 1, 30% were in group 2, and 7% were in group 3. Our series included 5 patients with significant cardiac malformations according to the Leonard et al. [23] and one patient with coarctation of the aorta. Two of our patients died; however, the only patient who died following surgical repair was classified as group 2 (coarctation of the aorta).
Spitz's risk classification does not include the influence of chromosomal trisomy on survival. For instance, infs. with EA ± TEF and Edwards syndrome (trisomy 18) have a markedly reduced 1-week survival of approximately 10% [1] . For these infs., avoiding surgery and providing palliative treatment instead might be justified; such an approach has been reported in the literature [3] [6].
In addition to the patients' demographic characteristics and comorbidities, the hospital-level resources (neonatologists, anesthesiologists, and trained nurses) are of utmost importance for a good quality of care. In addition, the experience and skill of the pediatric surgeon are important variables for the procedure's quality and outcome [24] .
Near-complete surgical subspecialization in EA ± TEF, as reported at Alder Hey Children's Hospital (United Kingdom), might increase case load and can improve outcomes.
Furthermore, such specialization facilitates training in pediatric surgery [25] .
Conclusion
In conclusion, patients with EA ± TEF showed mild intrauterine growth retardation.
Affected infs. carry a high rate of comorbidities. Our results support the hypothesis that surgical repair can be postponed until the first postnatal days without negative consequences in most cases.
